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INTRODUCTION 
 
 
 
1.1 Objectives of this Project: 
 
In recent years, arrayed waveguide gratings (AWG, also known as the 
optical phased-array—Phasor, phased-array waveguide grating—PAWG, and 
waveguide grating router—WGR) have become increasingly popular as 
wavelength multiplexers/de-multiplexers (MUX/De-MUX) for dense 
wavelength division multiplexing (DWDM). This is due to the fact that AWG-
based devices have been proven to be capable of precisely de-multiplexing a 
high number of channels, with relatively low loss.  
 Main features of the M (input) x N (output) AWG MUX/De-MUXes are low 
fiber-to-fiber loss, narrow and accurate channel spacing, large channel number, 
polarization insensitivity, high stability and reliability, and being suitable for 
the mass production. Table 1 provides a summary and comparison of most 
characteristics of WDM MUX/De-MUX technologies used in the current 
WDM optical communications.  
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Because the fabrication of the AWG is based on standardized 
photolithographic techniques, the integration of the AWG offers many 
advantages such as compactness, reliability, large fabrication tolerances and 
significantly reduced fabrication and packaging costs. The inherent advantages 
of the AWG also include precisely controlled channel spacing (easily matched 
to the ITU grid), simple and accurate wavelength stabilization, and uniform 
insertion loss. 
Table.1.1 Comparisons of WDM de-multiplexing technologies 
 
 
The devices are based on a fundamental principle of optics that light 
waves of different wavelengths do not interfere with each other. If each channel 
in an optical communication network makes use of light of a slightly different 
wavelength, then the light from a large number of these channels can be carried 
by a single optical fiber with negligible crosstalk between the channels. The 
AWGs are used to multiplex channels of several wavelengths onto a single 
optical fiber at the transmission end and are also used as de-multiplexers to 
retrieve individual channels of different wavelengths at the receiving end of an 
optical communication networks. 
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The objectives of the project are therefore: 
 
1. Design an arrayed waveguide grating device and its functions. 
2. Studying the AWG performance parameters and their effects on 
crosstalk. 
3. Design an arrayed waveguide grating device AWG. 
 
 
 
 
1.2 Scope of the Project: 
 
The project has three aims which are: 
1. To study and understand the function, concepts and operation of optical 
devices used as multiplexing and de-multiplexing techniques for the optical 
networks. 
2. Studying some of the AWG performance parameters such as cross-talk, 
insertion loss, free spectral range (FSR), and of course the polarization 
dependence dispersion of the device. 
3. Concerning the crosstalk as an important performance parameter and 
finding out the parameters that can affect the crosstalk. 
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1.3 Statement of the Problem: 
 
 
Optical fiber is a popular carrier of long distance communications due 
to its potential speed, flexibility and reliability. Attenuation and dispersion 
problems in fiber, which limit the practical speed and distance of 
communication, were partially resolved with the advent  of the Erbium Doped 
Fiber Amplifier (EDFA)[1],eliminating problems caused by attenuation.  
However, the dispersion qualities of an optical fiber still force a compromise 
between transmission distance and bandwidth, making it necessary to refresh 
high-speed signals at intervals using opto-electronic repeaters. Solving the 
dispersion problem in this manner is expensive, due to the additional cost of 
high-speed electronics, and maintaining and upgrading the link is made more 
difficult and costly (especially with a buried or under-water link). A more 
elegant solution is found using Dense Wavelength Division Multiplexing 
(DWDM), which effectively increases the useable bandwidth in a system 
without electronic repeaters, and allows realization of a true photonic network.  
The recent surge in demand for photonic components that meet 
economic criteria as well as technical requirements in the telecom and datacom 
industries has opened the door for novel technologies that enable unique 
functions and/or unconventional high-yield manufacturing without sacrificing 
high performance. 
The project concerns with following problems: 
1. Design an AWG device that is able to multiplex large number of 
wavelength into single optical fiber so as to increase the robustness and 
capacity of transmission of optical networks.  
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2. The device should be able to retrieve individual channels of different 
wavelengths at the receiving end. 
3. The AWG device is sensitive to the performance parameters such as the 
crosstalk, diffraction order, loss non uniformity, polarization dependence loss, 
insertion loss.  
 
 
 
 
1.4 Project Background: 
 
 
Dense Wavelength Division Multiplexing (DWDM) is an efficient 
method where several channels, each carried by a different wavelength, are 
transmitted through a single optical fiber, utilizing more of the available 
bandwidth without increasing the effects of dispersion [2]. Each channel, since 
it is effectively separated from the others, can be independent in protocol, 
speed, and direction of communication. DWDM also helps realize an all-optical 
network architecture where signals are routed according to wavelength without 
the need for electro-optical conversion. As a result, this type of network is 
potentially faster and more flexible, and can be less costly to maintain when 
compared to other methods. Arrayed Waveguide Gratings (AWGs) are optical 
wavelength (de)multiplexers used in DWDM. As well as performing basic 
(de)multiplexing functions, they can be combined with other components to 
create add/drop multiplexers, Figure 1.1, used to pipe single wavelengths on 
and off the network, and Cross Connects, Figure 1.2, used for routing. These 
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devices can be passive, where the signal routing is fixed according to 
wavelength, or active, as in Figures 1.1 and 1.2, where optical switches are 
utilized to dynamically route the signals. Both circuits shown are transparent to 
the data format, can allow bi-directional transfer of information, and function 
entirely in the optical domain. These functions allow the construction of 
different transparent optical network topologies, examples of the three major 
types of these are described in the following subsection. 
 
Fig 1.1 An add drop multiplexer (ADM) 
 
Fig 1.2: An Optical Cross Connect (OXC) employing a space division switch for 
each wavelength. 
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1.4.1 Photonic Network: 
 
 
The simplest form of optical network is the point-to-point network. 
Optical multiplexers and de-multiplexers are required at each end of the link. In 
this Configuration, DWDM simply increases the number of channels available 
through one fiber. Passive Optical Networks (PONs) (Figure 1.3) use a 
wavelength (de)multiplexer as a passive optical router, each wavelength 
servicing an Optical Network Unit (ONU). This allows the ONUs to share a 
single long optical fiber link back to the central office (CO) [3].   
 
Fig 1.3: A Passive Optical Network 
Long haul networks tend to have more than one point where channels 
are added to  and removed from the system, for example to provide a bi-
directional channel to an  optical network unit. To add and remove channels 
optical add drop multiplexers (OADMs) and Optical Cross Connects (OXCs) 
are utilized (Figures 1.1 and 1.2), to allow single channels to be individually 
piped off the network, and to route channels between sections of the network 
respectively. Figure 1.4 shows an example configuration of a Long Haul 
network. 
8 
 
 
Fig 1.4: A Long Haul Network, utilizing Add-Drop Multiplexers (ADMs) and 
Optical Cross Connects (OXCs) 
 
The Arrayed Waveguide Grating (AWG) plays a crucial role in the 
realization of modern optical networks [4]. The next section introduces the 
principles of operation of the AWG, and then examines the design process. 
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1.5 Overview of this thesis: 
 
 
In chapter 1 a quick introduction of the AWG and some background of 
WDM and DWDM are discussed. The objective, scope of the project and the 
problem statement are described. 
Chapter 2 introduces the optical communications and optical 
waveguides. It covers the applications, technology, transmitter, amplifiers, 
receivers, WDM, dispersion and attenuations.  
Chapter 3 introduces the AWG device, its operation, functions, and then 
over viewing the performance parameters that affect the performance of the 
device.  
Chapter 4 taking these performance parameters deeply and finding out 
their importance.  
Chapter 5 is for the results discussion, analysis and results of the 
project. 
 
 
